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Abstract
The present study recorded the eye movements of individuals as they scanned
reproductions of the original and altered versions of abstract paintings by Piet Mondrian.
These artworks were composed of different sized colored areas made up of the primary
colors, red, blue, or yellow. Each original consisted of vertical and horizontal black lines
extending to the edge of the pictorial field or to another black line and three solid color
areas on a white background. Changing the color of the largest colored area from red to
either blue or yellow created the altered versions. It was hypothesized that altering the
largest colored areas of these compositions would influence the scanning strategies used
by the participants and effect the location of the perceived balance center of the
composition, defined as the point about which all elements of a composition are anchored
and appear stable. The scanning strategies were analyzed by superimposing a 25cell grid
on each stimulus and observing the number of fixations directed to each grid cell
location. Percentage of dwell time spent in each grid cell location was also recorded. It
was found that for the majority of paintings, significantly more time was spent viewing
the original versions compared to the altered versions, evinced by a larger percentage of
dwell time spent in the grid cell locations of the original. However, altering the color of
the largest colored area did not significantly effect the location of the perceived balance
center of the composition or the distribution of fixations across the pictorial field. The
results indicate that regardless of the color of the largest colored area in the alteration, a
change in the balance structure influenced the time an individual spends viewing a
composition. Results are discussed in terms of the visual rightness theory of picture
perception.
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Perceived Weight of Color: Its Effect on Balance
Evinced by Scanning Strategies
The present study examined the role of color-weight in the perceived balance of
abstract compositions as measured by the visual scanning strategy viewers use to explore
such artworks. A composition is the choice and arrangement of pictorial elements in a
work of art. The pictorial elements that make up a composition are shape, size,
directionality, location, and color (Amheim, 1974). Eye tracking data can be used to
show where and how an individual gathers the information needed to assess the balance
of a composition by recording his/her visual encoding strategy. This study demonstrates
how visual encoding strategies change as a function of the perceived weight of
compositions’ color components.
The systems of color theory are based on the principle that a small number of
hues are sufficient to produce, by combination, a large number of hues. The fundamental
primaries; red, blue, and yellow, are the small number of hues which through
combination, form the artist’s color wheel. They are considered fundamental primaries
because they are irreducible. Color obeys structural rules and behaves in a manner
determined by laws and principles. Amheim (1974) posits that all three primaries are
needed to create complete balance in a visual display. When only two of the three
fundamentals are used it creates a tension within a visual display that subsides as soon as
the third fundamental is added. Such incompleteness will upset the composition’s
perceived balance.
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To investigate, in the present study, the role of color in the balance system
abstract artwork by Mondrian was chosen as stimuli for several reasons. First, the use of
simple geometrical forms and primary colors enables participants to attend to the balance
structure of the artwork. Color and form are often bound up with meaning, memories,
and emotional expressiveness that could determine the perceived weight of color (Ball,
1965). Amheim (1988) notes that Mondrian “limits himself to the three fundamental
primaries, whose renunciatory purity conveys a minimum of expression, a minimum of
association with the things of reality” (p. 104). Thus, associative effects of color have
been minimized in the present research.
Secondly, Mondrian addressed color balance experimentally in his paintings
produced in the 1920s and 1930s. Based on judgments by most critics “Mondrain’s work
is said to be of the highest aesthetic order and can be manipulated under controlled
experimental conditions to discover the formal principles underlying them” (McManus,
Cheema, & Stoker, 1993, p. 93). Thus, Mondrian’s artwork is of good organization and
is said to be ‘visually right.’
McManus et al. (1993) give empirical evidence for the visual rightness of
Mondrian’s compositions. In their study they asked students trained in the visual arts and
students untrained in the visual arts to make preference judgments between a
reproduction of a Mondrian composition shown on a computer and two altered versions.
The horizontal and vertical black lines in these compositions were altered by a relatively
small amount. McManus et al. found that the original Mondrians were preferred a
significantly greater amount than were the altered versions by art-trained and untrained
individuals. Latto, Brain, and Kelly (2000) also provide empirical evidence to suggest
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that Mondrian’s work is ‘visually right’ (i.e., good). They found that individuals
preferred the Mondrian compositions seen in the orientation of the original rather than the
compositions presented in one of the eight different oblique orientations. Additionally,
radiographs made of Mondrian’s compositions show that lines were repeatedly moved
infinitesimal amounts over a 10-year period until the artist was satisfied with his work
(McManus et al.). These findings suggest that Mondrian achieved some universal
principle of compositional balance in his originals.
A composition’s balance is a primary design principle that is intimately linked to
a pleasurable aesthetic experience (Amheim, 1974; McManus et al., 1993). Our response
and preference for balanced compositions may be linked to the need for our bodies to be
in balance, which is instrumental to survival (McCreight, 1996).

In order to achieve a

balanced composition the elements of a painting must be organized by the artist into a
cohesive perceptual whole that works to create it’s meaning and give substance to the
work. A satisfying composition is one in which there are simple geometric relations
among the major compositional elements of the picture resulting in a balanced picture or
a “visually right” design (McManus & Kitson, 1995). The visual rightness theory
maintains that the structural skeleton created by an accomplished artist is the best
possible organization of its pictorial features. This organization should be highly salient
to an observer regardless of their erudition in or exposure to the visual arts.
Locher (2003) empirically investigated the visual rightness theory by having
participants discriminate between the original and two perturbed versions of
compositions by renowned artists. To create one set of perturbed versions Locher
repositioned one or two pictorial features in each composition to a new position that did
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not disrupt the structural skeleton created by the artist. The second set of perturbed
versions was created by repositioning one or more pictorial elements in each composition
to a region in the composition that produced a more visually salient disruption of the
compositions’ original structure. Locher’s results showed that participants were better
than chance at discriminating between the originals and perturbed versions that violated
the structural skeleton of the original, whereas participants were only slightly better than
chance at discriminating between the originals and perturbed versions that conformed to
the structural skeleton of the original. These results provide support for the visual
rightness theory but point to a less stringent interpretation of the theory, namely, that
there are multiple locations within a composition’s spatial system at which pictorial
features could occur without disturbing the structural skeleton created by an
accomplished artist.
Locher (2003) also examined participants’ ability to identify original and altered
versions of representational artwork and original and altered versions of abstract artwork.
Participants in his study were better able to identify originals versions of representational
artwork when content and realism were the focus of attention. On the other hand,
participants were better able to identify original versions of abstract artwork when the
compositional style and form were the focus of attention. The present study uses abstract
stimuli to force the viewer to attend to the physical properties and structural features of
compositions in order to segregate color from form, content, and emotional aspects that
are tied to representational artwork.
In order to create a structural skeleton or structural framework, the elements of the
composition are organized by an artist around a balancing point or center that helps
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determine the role of each element within the balance structure as a whole (Amheim,
1988). Each element of a composition has a perceived visual weight. A balanced
composition results when the elements of a composition are arranged so that the
perceptual forces, or perceived visual weight, of each object compensates one another.
Said another way, a balanced composition ensues when the elements of a composition are
pitted against one another about a center or a point of balance so that they appear
anchored and stable (Amheim). A composition’s balance has been of interest to
individuals studying the psychology of aesthetics.
McManus, Edmondson, and Rodger (1985) conducted a study on the subjective
balance of pictures using postcard reproductions of works of art as stimuli. Participants
placed a white triangle used as a fulcrum anywhere beneath the stimulus to indicate the
perceived balancing point of the composition. In the first experiment the researchers
examined the effects of color on balance. The stimuli were either black and white or
colored versions of the same compositions. McManus et al. found that monochrome
(black and white) reproductions yielded balance scores comparable to the colored
reproductions, indicating no difference in the location of the fulcrum as a function of
color. The researchers also investigated the influence of cropping a portion of each
picture from its ‘heavier side’ to upset it’s balance stmcture. They hypothesized that a
picture’s balance is dependent upon the positioning of pictorial elements or features
deemed crucial to the artwork. Therefore, cropping the picture should have an effect on
the point of balance. The removal of pictorial features shifted the balance center away
from the middle of the composition. McManus et al. determined that particular features
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are not the origin of balance. Instead, the balance of a picture is dependent upon a global
integration of the picture as a whole than upon any one element.
In a second experiment McManus et al. (1985) investigated the role of color, size,
and location in the balance structure. Participants were presented with two squares
against a black background; the participants could adjust the size, position, and color till
the picture was perceived to be balanced. Color had a significant effect on the perceived
balance of the two squares with red being the heaviest color.
Locher, Gray, and Nodine (1996) conducted an investigation to examine which
pictorial features have visual weight and how those features contribute to a composition’s
balance structure. In this experiment, art-trained and non-trained students viewed
reproductions of twentieth-century paintings chosen for their balance. Redesigned less
balanced versions of each original were created experimentally. On a copy of each
painting the participants indicated the location of the balance center and the items,
elements, and regions that were considered to be determiners of the balance center. For
all participants there was strong agreement as to the structural framework underlying the
balance organization of abstract and representational paintings. However, it was shown
that abstract paintings had fewer elements identified as contributing to the balance
structure than representational artworks. The contributing elements were located in the
center of the composition and changed slightly as a function of version, original verses
altered. The results indicate that particular features were not the origin of the balance
phenomenon; rather judgments concerning the balance structure and its center were
dependent on the global integration of information across a wide area of the display field
but especially from the central region. Results also indicate that the perceived balance
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center of the original is located closer to the geometrical center than the balance centers
of the redesigned less-balanced versions of the paintings.
Even though particular features are not the source of the balance phenomena there
is evidence that the strategy used to detect the balance point of a composition changes
due to color. Morris and Dunlap (1988) show that when patches of color, in the
foreground, are small the background is an important determinant of balance.
The equality of perceptual weights around a balance center creates the framework
that helps determine the role of each element within the balance system as a whole.
Previous research has shown that color does have visual/perceptual weight (Alexander &
Shansky, 1976; Linnett, Morriss, Dunlap, & Fritchie, 1991; Morriss & Dunlap, 1988;
Locher, Overbeeke, & Stappers, 2005; Pinkerton & Humphrey, 1974). Experiments
preformed by Pinkerton and Humphery and Alexander and Shansky show that a synthesis
of hue (color, tint or shade), value (brightness), and chroma (saturation) contribute to the
weight of color. Within a composition a small area of a highly saturated color can
balance a large area of an unsaturated color, this is the basis of the color-weight principle.
The color-weight principle states that apparent weight is a decreasing function of value
and an increasing function of chroma (Alexander & Shansky; Locher et al.; Morris &
Dunlap) indicating that value and chroma are the major determinants of color weight not
hue.
An experiment conducted by Pinkerton and Humphrey (1974) had participants
move a pointer between two spheres of color to indicate a balancing point. The position
of the pointer was expressed in terms of the displacement from the mid-point. The colors
used in the experiment were red, green, yellow, and blue. The results showed that
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colored circles equal in brightness (chroma) differ in apparent weight; red and blue being
the heaviest colors and yellow being the lightest color.
Alexander and Shansky (1976) asked participants to make ratio estimates of the
perceived heaviness of colors as compared with a white square. The researchers
arbitrarily assigned the white square a weight number of 50. Their participants were
asked to assign a number that would represent the weight of the color. The results
showed that dark colors appear heavier than light colors.
Linnett et al. (1991) had undergraduates judge colors through a rectangular
opening. The participants were instructed to slide a mask to the left and right until the
two colors appeared balanced. The masks used were black, gray, and white to make the
colors appear darker or lighter. The researchers reported that less of a darker color would
balance more of a lighter color. These experiments provide support for the notion that
color plays a vital role in the balance system.
The weight exerted by the element of color derives from an interaction between
the structure of a composition and the perceptual cognitive processes within an
individual. The study of eye movements contributes to an understanding of the
relationship between stimulus properties, visual encoding, cognitive processes, and the
viewer’s response to visual displays. The present study investigates where a viewer looks
in a visual display to gather information relevant to the location of the perceived balance
center.
Eye movement recording systems allow for a scientific study of the visual arts.
The eyes alternate between fixation and saccades when an individual gathers information
from a visual display. A fixation is when the eyes pause at a fixed point in the visual
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field and saccades are the rapid eye movements or jumps made from one pictorial
element to another (Norton & Stark, 1971). During visual search the eyes move three or
four times per second with average fixation duration of 200 and 300 ms (Rayner, 1998).
When a participant views a picture, the investigator is interested in the viewer’s scan
path, which is a graphic record of how information is selected fixation-by-fixation from a
display and processed perceptually. The task, requiring a participant to locate the balance
center of a composition requires a diverse exploration. Research reviewed by Locher
(1996) shows that moving the eyes to the center of the pictorial field is an efficient way
to obtain a global percept of a composition’s design. The information gathered by
fixating in the center of a design will guide the eyes efficiently through the rest of the
viewing. Research has shown that manipulation of a picture’s balance structure
influenced where an individual fixates to obtain the information needed to assess that
balance structure (Locher).
One of the first studies to investigate viewers’ eye movements while they
examined pictures to make a judgment of balance was performed by Langford (1936).
He hypothesized that a relationship exists between the judgment of a composition’s
balance and a viewer’s eye movements while he/she examined that composition.
Participants were asked to make judgments of balance while examining balanced or
unbalanced paintings. The stimuli used by Langford were black and white paintings
balanced around the central axis or “overbalanced” to the left or right side of the axis.
Eye movement data were recorded for individuals while they inspected the paintings;
following inspection participants rated the paintings for balance. Langford found
significant differences between the pattern of fixations and the viewer’s judgments of the
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picture’s balance. Although the paintings used did not contain any color, the results
provide evidence that balanced pictures facilitated viewing by creating a course for the
eyes to follow. If the arrangement of pictorial elements does not include equal attraction
around the horizontal and vertical axis a judgment of unbalanced will result. Stated
another way, the equal push and pull of opposing perceptual forces created by the visual
weight of compositional elements is essential for a balanced composition.
In a review of the more recent eye tracking literature, Locher (1996) states that
the balance structure of a composition determines how the elements of the composition
are visually scanned and interpreted. Manipulations to the balance structure influenced
individuals’ viewing times of crucial pictorial elements. A study, reviewed by Locher,
tracked the eye movements of participants given the task of deciding where in a
composition the center of balance is located. This study provided physical evidence that
color has a perceived weight evinced by differences in dwell time and differences in the
distribution of fixations made in regions of a composition’s pictorial field. When a
composition has a balanced arrangement of pictorial components it will facilitate the
visual encoding of its elements.
When a painting’s balanced arrangement is altered to become a less-balanced
composition by changing one or more of its pictorial elements, there should also be
significant shifts of the location of the perceived balance centers. According to Locher
(1996), every composition has three centers; a geometric center, a perceived balance
center, and a visual center. The geometric center is the physical center of the
composition. The perceived balance center is the point identified by a participant as the
center of the composition and is created by the interaction among the elements of a
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composition. The visual center is the viewer’s mean eye position within the pictorial
field while he or she is looking at a composition. The structure of a composition can be
identified quickly and the acquired information is used to guide the rest of the viewing
(Henderson, Weeks, & Hollingworth, 1999).
Locher and Nagy (1996) conducted a study to examine the percept of balance.
Specifically they were interested in the time it takes to assess the balance structure of a
composition. The stimuli consisted of color and black-and-white reproductions or
alterations of structurally balanced paintings and recreated less balanced version of each
work of art. Subjects rated balance on a 6-point Likert scale after stimulus presentation
duration of either 100-ms, enough time for a participant to make a single fixation onto the
display, or an extended duration of 5 s, which enabled a participant to make multiple
fixations during inspection. The results showed that participants were able to
discriminate between the less balanced versions from the more balanced versions of the
black-and-white paintings with a single fixation. The participants in the 100-ms
condition could also discern differences in balance among the color stimuli in the single
fixation condition but could not differentiate between the two altered versions of the
colored stimuli. However, individuals in the 5 s condition could differentiate between the
two altered versions. The researchers also found that trained and untrained participants
were able to discriminate between balanced and less balanced versions of the same
painting with a single fixation. These findings support the notion that the perception of
balance is available at the earliest stages of vision and is established by the eye. These
results also suggest that one does not need special training in the visual arts to detect the
balance structure. On the other hand, training in the visual arts is needed to determine
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what locations within compositions pictorial features could occur without disrupting the
balance structure (Locher et al., 1996).
Not included in the present study but of interest to researchers in aesthetics are the
differences in fixation time due to experience with visual art. Experience or formal
training in the visual arts builds a domain-specific knowledge base. Art-trained
individuals activate their long-term memory while processing artwork to guide the rest of
their viewing. This enables them to select and attend to items in the display that will
provide the necessary information to assess the balance structure of an artwork which in
turn leads to shorter dwell times (Locher et al., 1996).
The scanning strategies of novices, professionals, and sophisticated viewers were
studied using abstract art and realistic art (Zangemeister, Sherman, & Stark, 1995). The
participants engaged in three different tasks. The first task required participants to look
at the pictures without further instruction. The second task required recollection; the
participants were asked to look at the artwork carefully to prepare them for a recall test of
specific features. The third task required detailed looking; this consisted of participants
being asked to carefully concentrate on the pictures in regard to the aesthetic details. The
stimuli consisted of five pictures, three were considered realistic and two abstract.
The naive participants had no training in the visual arts whereas sophisticated and
professional participants were highly knowledgeable about art or were long-time
practicing painters. Significant differences were found among groups for all three tasks.
The scan patterns of naïve viewers demonstrated that they did not differentiate between
realistic and abstract art in terms of their encoding strategies. Eye movement patterns of
sophisticated viewers were similar for realistic and abstract art. Naïve participants did
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not alter their scanning strategy based on task whereas the sophisticated and professional
participants did.
Locher et al. (1996) examined the impact of balance on the visual analysis of
paintings. The eye movements of untrained viewers were recorded as they determined
the balance center of original and altered twentieth-century paintings. The investigators
were interested in determining how altering the structural skeleton and therefore altering
the balance of a painting affects visual scanning. The researchers found that individuals
directed their attention to different regions of original and altered versions of paintings.
The present study is based upon work by Locher et al. (2005). The researchers
created five versions of Mondrian paintings by changing the colors in the three colored
areas of each abstract composition to represent all possible arrangements of primary
colors. The reason for using these particular designs was to cut down on the role “form”
plays in a composition, as explained earlier for Mondrian’s works, thereby minimizing or
controlling for associative effects of colors. Mondrian advocated a purification of art,
eliminating subject matter in favor of vertical and horizontal elements, and the use of
primary colors and non-colors. His artwork strived toward the simplest, most regular,
most symmetrical structure attainable in a given situation (Amheim, 1986).
Locher et al.’s (2005) participants viewed the originals and altered versions of
each composition. In Experiment 1A and IB, the design-trained and non-trained
participants were asked to determine the perceived balance center for each composition
and to assign a weight to each of the colored areas that contribute to the perceived
balance center. The participants were presented with images displayed on a computer
screen and they were instructed to locate the perceived balance center. They indicated
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the location of the perceived balance center by moving a green circle over the area with a
mouse and then clicking on that location. Participants estimated the perceived weight of
each color area using a 10-point scale. Design-trained individuals and non-trained
individuals were in agreement as to the perceived weight of each color area in four of the
five compositions; with the exception of one composition that largest colored area
comprised 65% of the whole. Non-trained participants assigned an equal color-weight to
each of the colors occupying this area, whereas, design-trained individuals perceived the
area as heavier when red occupied the area.
The non-trained individuals did not perceive shifts in the balance center for all
compositions. However, the design-trained individuals were able to detect subtle shifts in
the perceived balance centers as a function of color demonstrating that alterations in
color-weight are salient to individuals who have experience with design. Locher et al.
(2005) found, for both trained and non-trained individuals, that when a large area of a
composition is either red or blue it is perceived as heavier than when that area is yellow.
Results also indicate that there is greater scatter in the perceived balance centers for the
altered versions than for the corresponding originals. This suggests that the structural
organization was disrupted for the altered versions.
Participants in Experiment 2 viewed the images projected on a screen so the
stimuli were the size of the paintings one would view in a museum. The introduction of
this variable allowed for a comparison of the location of the perceived balance center of
the images seen on a computer screen to those images seen at actual size. The
experiment was included to make the results more generalizable to the “real world.” The
procedure was the same as in Experiment 1. The results for this portion of the
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investigation showed no reliable difference in the location of the balance center when
viewing an image in actual size when viewing the image on a computer screen. Taken
together results of Locher et al.’s (2005) research provide evidence supporting the
existence of a color-weight relationship in abstract designs and showed how this relates
to its perceived balance.
The present study looks to validate and expand on Locher et al.’s (2005) results
by tracking eye movements of individuals while they scan the original and altered
versions of Mondrian’s compositions and decide upon the location of the balance centers,
a condition not included in their study. The present study uses abstract stimuli to force
the viewer to attend to the physical properties and structural features of compositions in
order to segregate color from form, content, and emotional aspects that are tied to
representational artwork.
Participants located the balance center visually. Based upon the findings by
Locher et al. (2005) that the weight of color relates to balance perception, it was
hypothesized that the scanning strategy employed by participants in the present study
would change as a function of the version being examined (i.e., original verses altered
versions). Specifically it was anticipated that the number of fixations made in locations
across the pictorial field and the dwell time of the fixations would vary as a function of
the color in the largest color-area of each work (Mondrian paintings). The results of the
study conducted by Locher et al. indicate that significant differences were seen only
when the largest colored area was altered, hence only the largest colored areas were
manipulated in the present study. Unlike the study conducted by Locher et al. the present
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study does not examine the differences between individuals who are trained in the visual
arts and those that are untrained.
Research Question
The principal research question addressed by this study was: Does the perceived
weight or perceptual force created by the dynamic interaction of the aesthetic
compositional element, specifically color, have a measurable effect on the perceived
balance of a composition? To measure the influence of color on balance, the shift of the
location of the perceived balance center in the original versions were compared to the
altered versions. The percentage of dwell time and the number of fixations made in
specified areas of the compositions were also examined to investigate the influence of
color in abstract art upon viewers’ scan paths as they look at the compositions.
Previous findings used to develop the rationale for the present study suggest that
modifications made to the balance structure of abstract (i.e., Mondrian) paintings by
altering the colored areas will result in different regions of the painting being explored.
The alterations (i.e., from red to blue or red to yellow) influence how the original version
is explored as compared to the altered less-balanced versions as observers determine the
location of the perceived balance center. Said another way, changing the colors of the
pictorial elements, will change the perceptual weight of each element which will be
evinced by changes in dwell time, distribution of fixations made across the pictorial field,
and a shift in the perceived balance center.
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Method
Participants
Thirty-one (15 male, 16 female) individuals from Montclair State University
volunteered to participate in this study. The participants were upperclassmen and
graduate students (mean age = 26.64, SD = 3.45) with no formal training in the visual
arts. All participants had uncorrected vision.
Stimuli
The test stimuli used in this study were the original and two altered versions of
five compositions by Piet Mondrian (referred to hereafter as painting 1-5); these
compositions include: (1) Composition with red, black, blue, yellow and black (1928), (2)
Composition with red, blue, yellow, and black (1929), (3) Foxtrot B (1929), Composition
with red, blue, yellow, and black (1929), (4) Composition en rouge bleu et jaune (1930),
and (5) Composition with red, yellow, and blue (1935). Renditions of the five originals
are shown in Figure 1. As seen in the figure, each original consists of vertical and
horizontal black lines extending to the edge of the pictorial field or to another black line
and three solid color areas on an off-white background. These compositions all contain
different sized areas, either squares or rectangles, of red, blue, and yellow; the primary
colors. The altered version were created by changing the color of the largest colored area
so each version had either red, blue or yellow occupying the largest area. Two
compositions were utilized as practice stimuli and were seen by the participant prior to
viewing the Mondrian’s. These where: Study for Homage to the Square: Beaming by
Albers and Untitled by Lissitzky. Both compositions were chosen for their use of
geometric forms, with the former being a simpler design and the latter slightly more
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complex, neither design was altered nor randomly presented. The remaining two
compositions were presented after the set of five Mondrian compositions. They were
Path 1 by Liberman and MZ308 Gray by Schwitters. Path 1 is composed of a spiral
black line with different sized circles; each circle was red, blue, and yellow. This
composition was altered to have red, blue, and yellow occupy the largest circle. MZ308
Gray by Schwitters is a complex abstract design with squares and rectangles of differing
sizes positioned in differing orientations utilizing the primary colors red, yellow, and blue
similar to those incorporated into the work by Mondrian. The largest square in the
composition was altered so red, blue, or yellow occupied that area.
For each set of original and altered versions all of the colors were the same so that
their chroma and value were constant across the stimulus set. Thus only the perceived
weight of hue was investigated in this study.
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Figure 1. Reproductions o f the 5 original compositions by Mondrian used as stimuli. Titles o f the works are
I ■ Foxtrot B (1929), II » Composition with Red, Black, Blue, Yellow and Black (1928), III ■ Composition en
Rouge Bleu et Jaune (1930), IV * Composition with Red, Black, Blue, Yellow and Gray (1929); V ■ Composition
with Red. Yellow, and Blue (1935)
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Apparatus
Eye movements were recorded using an infrared eye tracker (Ober 2, Perimobil
Meditech). The eye-tracker measures wavelength reflected off the different components
of the eye: pupil, iris, and sclera. The infrared light emitting diodes and photoreceptors
are located on the inside of goggles worn by the participant as he/she completed the task.
Each art stimulus measured 27 cm by 25 cm on the computer screen and the distance of
participants’ eyes from the screen was 44.5 cm. At this distance, the visual images
subtended approximately 37°. The eye tracking running procedure consists of a real-time
data collection phase. The data collection phase includes units of calibration, real time
eye data processing and raw data recording (Clarke, Ditterich, Druen, & Schonfeld,
2002).
The collection phase operated on the Ober 2 IR scanning program; version 1.35
XY advanced. Scan paths were recoded on a Pentium 166 MHz computer. The program
for data analysis was ILAB version 3.5.10 (MATLAB environment).
Procedure
The practice stimuli were viewed in the same order. The set of five Mondrian
compositions and the other complex stimuli were balanced and randomized to ensure all
versions of paintings were viewed an equal number of times
After each participant was seated in front of the eye tracker, he or she read the
following instructions:
This experiment examines the eye movements of individuals viewing
reproductions of abstract paintings. Following calibration, you will be
shown 2 practice stimuli and 7 compositions. You will be asked to look
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very carefully at each picture and decide the location of its “balance
center.”
Every component of a picture has a kind of perceptual weight or
perceptual force on the eye that is dependent upon such factors as a
component’s color, its size, its location in the picture, and its relationship
to the other parts of the composition. Together, the perceptual forces of a
picture’s parts create its organization. Somewhere within the arrangement
of the components of every picture there is a common center. This is the
middle of the composition. It is the point at which the perceptual forces
created by the picture’s parts balance each other. A picture’s balance
center need not be, and frequently is not, located at the actual center of the
picture. There may or may not be an object there.
You will have as much time as you need to carefully and thoroughly scan
each composition as you determine the location of its balance center. Try
not to let how much you like a composition influence your judgment of a
picture’s center. When you are done viewing each image and have made a
decision as to the location of its balance center, press the “Space Bar”
without taking your eyes off of the image. Continue to fixate on the
location of the “balance center” for 2 s. When this process is complete
you will be shown the next image. Please remember to keep your head
steady and refrain from talking throughout the experiment because this
causes the head to move and will contaminate the experiment.

22
Do you have any questions about the procedure you are asked to perform?
Do you have any questions concerning the nature of a picture’s balance
center?
Examples of balanced designs and their centers of balance were shown to
participants before the experiment began. These designs were taken from the Maitland
Graves Design Judgment Test (Graves, 1946). An emphasis was placed on the
importance of scanning the whole composition and the distinction between a focal point,
“the area to which your eyes are drawn,” and a balance center was made.
Once the participants understood the instructions, they were directed to place their
chins on a chin rest and place the goggles over their eyes. The researcher then adjusted
the goggles to make sure the pupil was centered in each window of the goggles. The
participants then went through a calibration process by following a fixation cross with his
or her eyes. This process was repeated several times while the researcher adjusted the
luminosity in each eye from the light emitting diodes in the Ober goggles. At the start of
the experiment and at the initiation of each stimulus viewing, a fixation cross moved
from the middle of the screen to the bottom of the screen to ensure that each participant
began each trial fixating in the same location. The participants then viewed one version
of each of the Mondrian compositions preceded by two practice stimuli and followed by
two complex stimuli. For each composition the participants took as much time as needed
to scan the composition, after making a decision on the “balance center” they pressed the
“Space Bar” to indicate their decision had been made. The participants then focused on
the perceived balance center for 2 s. This procedure was repeated for the rest of the
stimuli.
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Data Analysis
The independent variable was the version of the Mondrian painting with three
levels. The levels were the Original version (red occupying the largest colored area),
Blue Alteration (blue occupying the largest colored area), and Yellow Alteration (yellow
occupying the largest colored area) versions. There are three dependent variables: the
location of the perceived balance center in relation to the compositions geometric center,
fixation duration (percentage of dwell time), and the distributions of fixations across the
pictorial field. The eye tracking data were obtained from the left eye. A linear
transformation was performed to map the eye movements registered by the eye tracker
into screen coordinates. The parameters were obtained during the calibration. The
saccades were operationally defined as eye movements in which the angular velocity
exceeded 70 deg. The start and stop of each saccade was marked as the time at which the
velocity rose or dropped below 30 deg, respectively. Fixations were defined as the
average eye position between each saccade and were only entered into analysis if the
duration of the fixation exceeded 200 ms. The region of space that the fixation fell into
was entered into the analysis.
A portion of the data analysis design is based on the analysis performed by
Locher et al. (1996). A 5 x 5 grid made up of 25 cells was superimposed over the
stimulus adjusted to the geometric center of each painting. The cells to be included in the
analysis were operationally defined as the five cells with the highest percentage of dwell
time in the original and the five highest distributions of fixations for the original. The
cells included for the distribution of fixation across the pictorial field and in the analysis
on the percentage of dwell time vary according to painting and variable; cell 13 was

24
excluded from the analysis due to the fact that all paintings had a high and similar
percentage of dwell time and distribution of fixations because according to Locher (1996)
only objects in the fovea can be identified in detail, hence viewers concentrate their gaze
in the center of the pictorial field (i.e., cell 13).
The data in theses cells were analyzed using a 3 (version) x 5 (cells in the grid)
mixed ANOVA with cell being the repeated measures variable. Separate ANOVAs were
performed for each painting for each dependent variable. The first analysis looked at the
fixation duration or percentage of dwell time in the five cells, the second focused on the
number of fixations made in the location of the grid cells, and the third measured the
difference between the perceived balance center and the geometric center.
The perceived center of balance was determined by averaging the eye position
between the participant’s response (pressing the space bar) and the offset of the stimulus.
The balance center data yielded X, Y coordinates, and the distances were calculated from
the X, Y coordinates of the geometric center.
Twenty-five participants were included in the data analysis; data for six
participants were lost due to equipment malfunction.
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Results
Percentage o f Dwell Time
Tables 2-6 present the means and standard deviations for the percentage of total
dwell time spent in the five highest cells of paintings 1-5, respectively. Percentage of
dwell time was analyzed to examine the effect of altering the largest colored area on
scanning; using five separate 3 x 5 (Version: Original, Blue Alteration, Yellow Alteration
x Cell: 1-5) Mixed ANOVAs with version as the non-repeated measure. Table 1 gives
the F values for percentage of dwell times for each painting as a function of version, cell,
and the interaction between version and cell.
For the original version of Painting 1 the percentage of total dwell time was
highest for cells 6, 7, 12, 23, 24 (see Appendix A which depicts dwell times for all 25
cells). As shown in Table 1 a significant main effect for version was found. The main
effect was then analyzed using a series of Bonferroni-corrected /‘-tests. It was found that
the altered versions did not differ from each other in terms of average dwell time across
the five cells (p’s > .05). However, the blue alteration (M= 4.52, SE = 1.78;p < .007) and
the yellow alteration (M= 5.93, SE = 1.68; p < .02) differed significantly from the
original (M= 13.17, SE = 1.78). There was no significant main effect for cell. Nor was
there a significant interaction.
The percentage of total dwell time was highest for cells 8, 9, 12, 18, 19 (see
Appendix B) in the original version of Painting 2. There was a significant main effect for
version. Bonferroni post-hoc /-tests revealed a result similar to that for Painting 1. There
was no difference between the altered versions (p’s > .05). There was, however a
difference in average dwell time for the five cells between the original (M= 10.19, SE =
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1.3) and the blue alteration (M = 4.77, SE = 1.23, p < .02), also, the original and the
yellow alteration (M= 4.51, SE = 1.30, p < .02). There was no significant main effect
for cell. Nor was there a significant interaction.
The percentage of total dwell time was highest for cells 4, 7, 8, 9, 19 in the
original version of Painting 3. Results showed no significant main effect for version and
no significant main effect for cell. Nor was there a significant interaction.
The percentage of total dwell time was highest for cells 2, 7, 8, 18, and 19 (see
Appendix C) in the original version of Painting 4. A significant main effect was found
for version. Bonferroni corrected post-hoc /-tests revealed no significant differences
between versions. A less conservative post-hoc test (LSD) was used to examine the main
effect found for version. There was no difference between the altered versions (p's >
.05). There was, however a difference in average dwell time for the five cells between the
original (M= 12.35, SE = 1.67) and the blue alteration (M= 5.86, SE = 1.67,/? < .02) and
the original and the yellow alteration (M = 6.31, SE = 1.58, p < .03). No significant main
effect was found for cell. Nor was there a significant interaction.
The percentage of total dwell time was highest for cells 8, 9, 14,15 and 23 in the
original version of Painting 5. The analysis yielded no significant results; version
approached significance, cell was not significant and the interaction was not significant.
Results were similar for Paintings 1,2, and 4; more time was spent viewing the
five cells selected for analysis of the original versions than either altered version.
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Table 1
F Values for Each Source o f Variation in Percentage o f Dwell Time for Each o f the Five
Paintings

Source

Picture

df

1

2

3

4

5

Version (A)

2

6.84*

6.15*

1.69

4.73*

2.89

Cells

4

1.90

.64

.87

1.44

1.32

8

.25

.29

.62

1.02

1.46

AxB
* p < .05

(B)
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Table 2
Mean Values and Standard Deviations for the Percentage o f Dwell Spent in Five Cells o f
the Original and Altered Versions o f Painting 1

Version
Original Red

Altered Blue

Altered Yellow

M/SD

M/SD

M/SD

Celiò

7.15/16.43

1.35/3.84

2.83/6.43

Cell 7

22.63/31.64

6.76/15.56

17.32/20.13

Cell 12

15.18/24.44

7.77/12.35

3.60/4.10

Cell 23

15.72/35.10

4.01/10.08

5.14/8.28

Cell 24

5.14/8.28

2.69/6.36

2.85/4.96

Cells
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Table 3
Mean Values and Standard Deviations for the Percentage o f Dwell Spent in Five Cells o f
the Original and Altered Versions o f Painting 2

Version
Original Red

Altered Blue

Altered Yellow

M/SD

M/SD

M/SD

Cell 8

17.00/25.07

5.14/5.49

7.35/15.15

Cell 9

8.90/18.37

4.80/6.12

0.00/0.00

Cell 12

7.15/18.02

5.87/7.22

7.72/11.74

Cell 18

9.89/18.10

5.05/6.16

5.24/8.06

Cell 19

7.97/17.24

2.98/5.98

2.22/3.98

Cells
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Table 4
Mean Values and Standard Deviations for the Percentage o f Dwell Spent in Five Cells o f
the Original and Altered Versions o f Painting 3

Version
Original Red

Altered Blue

Altered Yellow

M/SD

M/SD

M/SD

Cell 4

6.80/20.42

0.99/2.10

0.45/1.29

Cell 7

7.63/19.04

3.00/5.51

4.19/6.92

Cell 8

13.66/19.00

4.75/9.80

10.59/15.63

Cell 9

5.64/13.02

1.80/3.88

7.47/11.60

Cell 19

7.39/15.22

12.88/20.29

1.32/2.51

Cells

«

31
Table 5
Mean Values and Standard Deviations for the Percentage o f Dwell Spent in Five Cells o f
the Original and Altered Versions o f Painting 4

Version
Original Red

Altered Blue

Altered Yellow

M/SD

M/SD

M/SD

Cell 2

5.82/8.04

0.00/0.00

0.76/2.28

Cell 7

21.55/29.41

2.55/3.86

12.37/16.87

Cell 8

6.63/7.38

15.72/21.81

13.22/23.21

Cell 18

11.15/24.39

9.83/20.05

3.95/10.30

Cell 19

16.58/22.56

1.20/2.08

1.26/2.17

Cells
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Table 6
Mean Values and Standard Deviations for the Percentage o f Dwell Spent in Five Cells o f
the Original and Altered Versions o f Painting 5

Version
Original Red

Altered Blue

Altered Yellow

MZSD

M/SD

M/SD

Cell 8

9.84/18.90

19.15/30.66

1.94/3.64

Cell 9

5.39/12.12

2.59/5.25

1.02/2.90

Cell 14

18.00/21.24

9.44/9.84

0.84/1.62

Cell 15

9.09/21.97

0.30/0.91

0.00/0.00

Cell 23

6.53/12.42

1.14/3.44

12.03/19.83

Cells
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Distribution o f Fixations Across the Pictorial Field
Tables 8-12 present the means and standard deviations for the distribution of
fixations across the pictorial field, represented by the number of fixations in each of the
five highest cells of the original versions of paintings 1-5. Distribution of fixations
across the pictorial field was analyzed using five separate 3 x 5 (Version: Original, Blue
Alteration, Yellow Alteration x Cell: 1-5) Mixed ANOVAs with version as the nonrepeated measure. Table 7 gives the F values for the distribution of fixations in each
painting as a function of version, cell, and the interaction between version and cell.
For Painting 1 the highest number for distribution of fixations was in cells 2, 7, 8,
12, and 17. There was no significant main effect for version. There was also no main
effect for cell, nor was there a significant interaction.
The highest number for distribution of fixations for Painting 2 was in cells 3, 8,
12, 15, and 18. There were no significant main effects for version or cell, nor was there a
significant interaction.
For Painting 3 the highest number for distribution of fixations was in cells 7, 8, 9,
14, and 24 (see Appendix D). A significant main effect was found for cell. A Bonferroni
corrected post-hoc analysis was preformed and no significant differences were found. A
less conservative LSD post-hoc test was employed to detect the subtle difference for cell.
The LSD showed a difference between cell 7 (M = 2.02, SE = .12) and cell 24 (M = .583,
SE = .19, p < .03) and a difference between cell 8 (M = 2.44, SE = .85) and each of the
following: cell 9 (M — 1.03, SE = .33) and cell 14 (M = .98, SE = .22, p < .01). There
was no significant main effect for version. There was also no significant interaction.
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For Painting 4 the highest number of distribution of fixations was for cells 7, 12,
17, 19 and 20. It was found that there was no significant main effect for version. There
was also no significant main effect for cell. Nor was there a significant interaction.
Distribution of fixations across the pictorial field was then examined for Painting
5 in cells 7, 8, 12, 17, and 18. There was no significant main effect for cell. There was
also no significant main effect for version, nor was there a significant interaction.
The results show that for the dependent variable, distribution of fixations made
across the pictorial field, there were similar results for all 5 paintings. The number of
fixations made in each cell did not change as a function of version, with the exception of
painting 3. This suggests that altering the color of pictorial elements has little influence
on the number of fixations made in different locations across the pictorial field.
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Table 7
F Values for Each Source o f Variation in Distribution o f Fixations for Each o f the Five
Paintings

Picture

df

Source

1

2

3

4

5

Version (A)

2

0.66

1.04

0.61

1.75

0.39

Cells

4

1.73

1.86

3.61*

1.10

1.02

8

0.43

0.39

0.80

1.20

0.51

AxB
* p < .05

(B)
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Table 8
Mean Values and Standard Deviations for Distribution o f Fixations Across the Pictorial
Fieldfor the Original and Altered Versions o f Painting 1

Version
Original Red

Altered Blue

Altered Yellow

M/SD

M/SD

M/SD

Cell 2

0.75/0.88

0.12/0.35

0.77/1.20

Cell 7

2.25/2.37

0.37/0.51

2.11/2.80

Cell 8

1.75/3.41

0.85/1.45

1.66/1.73

Cell 12

2.37/4.40

2.00/3.42

1.44/2.60

Cell 17

1.00/2.13

1.35/2.77

0.55/2.55

Cells
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Table 9
Mean Values and Standard Deviations for Distribution o f Fixations Across the Pictorial
Fieldfor the Original and Altered Versions o f Painting 2

Version
Original Red

Altered Blue

Altered Yellow

MZSD

M/SD

M/SD

Cell 3

1.25/2.43

0.44/0.72

0.12/0.35

Cell 8

1.35/1.30

2.22/2.72

1.12/1.64

Cell 12

1.25/2.37

1.88/2.93

0.87/0.83

Cell 15

1.00/1.69

0.44/0.52

0.00/0.00

Cell 18

1.37/3.11

1.44/1.87

1.25/1.58

Cells
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Table 10
Mean Values and Standard Deviations for Distribution o f Fixations Across the Pictorial
Fieldfor the Original and Altered Versions o f Painting 3

Version
Original Red

Altered Blue

Altered Yellow

M/SD

M/SD

M/SD

Cell 7

2.33/5.22

2.87/2.99

0.87/1.12

Cell 8

3.33/3.87

1.50/2.61

2.50/1.60

Cell 9

1.22/1.39

0.50/1.06

1.37/2.32

Cell 14

1.33/1.22

0.87/1.12

0.75/1.03

Cell 24

1.00/1.32

0.25/0.46

0.50/0.92

Cells
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Table 11
Mean Values and Standard Deviations for Distribution o f Fixations Across the Pictorial
Fieldfor the Original and Altered Versions o f Painting 4

Version
Original Red

Altered Blue

Altered Yellow

MZSD

M/SD

M/SD

Cell 7

1.25/3.15

0.75/1.16

1.22/2.38

Cell 12

1.37/2.06

3.25/6.92

0.00/0.00

Cell 17

1.37/1.84

0.12/0.35

0.00/0.00

Cell 19

1.62/1.92

0.62/1.06

0.11/0.33

Cell 20

1.00/1.60

0.12/0.35

0.11/0.33

Cells
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Table 12
Mean Values and Standard Deviations for Distribution o f Fixations Across the Pictorial
Fieldfor the Original and Altered Versions o f Painting 5

Version
Original Red

Altered Blue

Altered Yellow

M/SD

M/SD

M/SD

Cell 7

1.62/3.85

2.00/2.59

3.12/5.81

Cell 8

3.12/2.90

1.44/1.50

1.62/2.06

Cell 12

2.25/4.86

1.00/1.15

1.00/1.06

Cell 17

1.75/4.16

0.55/1.33

0.75/1.64

Cell 18

2.25/4.80

1.33/1.93

1.37/1.59

Cells
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Balance Center
The balance center data for Paintings 1 - 5, were examined to determine any shifts
in the location of the perceived balance center from the original for the altered versions
on the horizontal and vertical dimensions measured in pixels. A separate One-way
ANOVA for both the X (horizontal) and the Y (vertical) shifts were performed with
Version (Original, Blue Alteration, and Yellow Alteration) as the independent variable
for all 5 paintings. Table 13 displays the F values for the perceived balance center.
For Painting 1, in terms of the shift in the X dimension across the paintings, a
trend was found,/? = .098. The nature of the trend suggested a shift towards the right (i.e.,
a higher X value) in the Blue Alteration (M = 578.89, SE = 152.12) compared to both the
Original Version (M = 451.02, SE = 138.17) and the Yellow Alteration (M = 431.13, SE
= 152.31). There were no significant differences in the Y dimension.
The balance center data was then analyzed for Paintings 2, 3, 4, and 5. There was
no significant result for the X dimension. There was also no significant result for the Y
dimension.
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Table 13
F Values for Each Source o f Variation in the Perceived Balance Center for Each o f the
Five Paintings

Source

Picture

df

1

2

3

4

5

X (horizontal)

2

2.58

.25

0.85

1.05

1.30

Y (vertical)

2

.51

1.40

0.54

2.08

0.84

* p < .05
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Discussion
The present findings demonstrate the existence of a color-weight relationship for
abstract designs and the influence of this relationship on the perceived balance of a
composition. The influence of the perceived weight of color on balance was evinced by
individuals’ scanning strategies. Scanning strategies were comprised of gaze density, or
the percentage of total dwell time, and the distribution of fixations across the pictorial
field.
Participants spent significantly more time viewing different regions of the display
for the original versions of Mondrian compositions as opposed to the altered versions.
The findings regarding percentage of dwell time in each of the five cells followed the
same trend for paintings 1, 2, and 4. The results indicate that a balanced composition
maintains viewers’ attention as opposed to a less balanced work by facilitating visual
encoding of its elements (Henderson et al., 1999). Locher et al. (1996) found similar
results. They examined eye movements of individuals while they scanned original and
less balanced versions of abstract and representational paintings. Viewers directed their
attention differently to regions of the original compositions versus their altered lessbalanced compositions.
It would be expected that the cells containing the highest gaze density would be
distributed in the central region and along the horizontal, vertical, and diagonal axes
(Locher et al., 2005). This is because the structural skeleton of a composition is cross
shaped, meaning the framework consists of horizontal, vertical, and diagonal axes
(Amheim, 1974). The center establishes itself by the crossing of these lines and is the
locus of attraction. Any location that coincides with a feature on one of these axes
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introduces stability and would therefore have a high percentage of dwell time. The
creation of a structural skeleton enables the introduction of a concept referred to by
Amheim (1988) as ‘the power of the center.’ He asserts, “Compositional objects located
on the centrally located axis of a composition gain in power because they are protected
from the pushes and pulls of eccentric positions within its perceptual scaffold (p. 133).”
Locher et al. (1996) support the notion of ‘the power of the center.’ They had participants
locate the perceived balance center in paintings and paste red dots to the locations that
contributed to the balance center. Results of their study showed that significant points in
the formation of balance center decisions were concentrated in the central area of the
pictorial field. These results support the notion that the central region is the locus of
attraction. Regions that form the structural skeleton, horizontal, vertical, and diagonal
axes attract viewers’ attention. Thus, higher gaze densities in the original were located in
these areas. It can be said that the original versions of these paintings appear to be of
superior quality and are therefore visually right compositions.
The differences in the percentage of dwell time were seen in the present study for
the paintings where either the largest colored area occupied a relatively large percentage
of the composition total area (Painting 1 and 2) or where the colored areas were near
equal in size to each other (Painting 4). These findings parallel those of Locher et al.
(2005) who found differences in the perceived weight of color for the same paintings.
They found that the largest area of the composition was perceived as heavier than the two
small areas. Based on these findings it would appear that the size of the shape, being the
instrument for the containment of color, is a more important determinant of balance than
the perceived weight of color.
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The distribution of fixations across the pictorial field changed as a function of
cell. The only reliable difference was for Painting 3. There was also subtle shift in the
location of the perceived balance center for Painting 1, this difference approached
significance. The shift was away from the geometrical center of the composition and
away from the largest colored object. The results were only obtained for one painting for
each variable; therefore one cannot use these results to generalize to the rest of the
paintings or abstract art concerning the impact of the color manipulation on the variable.
The findings support the existence of a color-weight relationship for abstract
designs and the influence of this relationship on the perceived balance of a composition.
Altering a composition from its original version will affect the balance of that
composition and change the way an individual examines that composition. This finding
validates the work of individuals studying the psychology of aesthetics whose
experiments have been outlined and reviewed above to define the rationale of the present
study.
The issue of training in the visual arts is worthy of discussion and it could be
responsible for the lack of significant findings in the present study. On the one hand,
Locher et al. (1996) observed that sensitivity to pictorial balance does not require training
in the visual arts and may, in fact, be established intuitively by the eye. McManus et al.
(1993) also found little overall difference in the preference for original versus altered
Mondrians between art students and untrained students, and Latto et al.’s (2000)
untrained participants preferred Mondrians seen in their original orientation to those
displayed obliquely. These findings taken together support the view that sensitivity to
color balance does not require training in the visual arts.
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However, data from Locher et al. (2005) suggest that the effects of the color
manipulations were more salient to art-trained than untrained participants. This is based
on the fact that observed differences between balance centers of the originals and their
altered versions were much greater across the entire stimulus set for art-trained than nontrained subjects. Additionally, shifts in the locations of balance centers differed reliably
among altered versions of four compositional locations for the art-trained individuals,
whereas no significant shifts were observed among altered versions for the untrained
participants.
Furthermore, Locher et al. (1996) found that museum professionals and
sophisticated viewers located the balance centers of the compositions significantly closer
to the geometric center than did untrained participant. Thus, training in the visual arts
should be included as a subject variable in future research studies designed to contribute
to the understanding of balance perception.
Another limitation could have been the use of abstract artwork. In Locher et al.
(1996) representational artwork were rated as more balance than the abstract artwork.
Data on representational artwork has been obtained by this researcher and will be
examined in future research.
Yet another limitation of the present research could have been the small sample
size. Due to the large amount of variance observed in this study in the means for
percentage of dwell time, distribution of fixations made across the pictorial field, and the
location of the balance center, a within subjects design may have indicated more
precisely if there were changes in an individual’s scanning strategy. The non-repeated
measures design was employed due to concerns about viewers seeing the three versions
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of each artwork during the experimental session. There are limitations and advantages to
each method.
Finally, another limitation could be calibration. The participants were asked to
keep their chins in a chin rest and lay their forehead against the bar. It was stressed in the
instructions that participants keep head movements to a minimum. We did not
implement any procedure to ensure that participants did in fact keep the movement of the
head to a minimum. This may have caused errors in the data through a lack of precision.
To deal with this issue it has been suggested that eye-tracking equipment should be
improved by using a head unit and a bite bar (Homhof & Halverson, 2002). It has also
been suggested that between each stimulus viewing there be a calibration procedure.
The findings, taken together, give evidence to the notion that altering a
composition from its original version will affect the balance of that composition and
change the way an individual examines that composition. These findings also support the
view of art historians and many aesthetes on the quality of Piet Mondrian’s works and the
theories that contributed to the formation of modem art. It has been implied that the
same principles that exist for geometry exist for art (Chipp, 1968). These principles
allow art to be constmcted by means of the intellect and abide by the mles of
mathematics. Mondrian was an expert in composition with his ability to create a piece of
artwork that has been empirically shown to be balanced and therefore more pleasurable
(McManus et al., 1993). Through radiography one can see the many times Mondrian had
moved the lines in his compositions to find the most appropriate orientation. Mondrian
summarized the universal principle of compositional order, which can be detected by
viewers. The pleasure received from viewing balanced work of this nature was also
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shown experimentally (Latto et al., 2000). Altering Mondrian’s composition by changing
the orientation of horizontal and vertical lines resulted in a reduction of pleasantness
ratings compared to original, more balanced, compositions.
A further direction for research in this field is examining the scanning strategies
of art-trained individuals as they examine abstract paintings by Piet Mondrian. There
were only significant differences for the perceived weight of color when compositional
features were salient; research has shown that art-trained individuals can detect subtle
shifts in the balance structure of a composition (Locher et al., 1996; Locher et al., 2005;
McManus et al., 1993)
Another direction could be examining the effect of removing one of the primary
colors from the color triad on balance and scanning strategies. Amheim (1974) states
“These three fundamental primaries behave like the three legs of a stool. All three are
needed to create complete support and balance (p. 354).” If he is correct in his contention
then removing one of the primary colors should shift the location of the perceived
balance center away from the geometric center of the painting towards the region with
dual colors.
The present study provides empirical support for theoretical writings concerning
the influence of pictorial balance on perceptual processing of pictures. The significant
finding that a balanced composition maintains viewers’ attention as opposed to a less
balanced work by facilitating visual encoding of its elements (Henderson et al., 1999)
supports the ‘visual rightness theory.’ The regions explored on the original versions of
Mondrian compositions are located in the central region and along the axes that compose
the structural skeleton. The structural skeleton of a composition is cross-shaped, meaning
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the framework consists of horizontal, vertical, and diagonal axes. The center establishes
itself by the crossing of these lines and is the locus of attraction. Any location that
coincides with a feature on one of these axes introduces stability through the push and
pull of equal opposing forces. The results of the present study support the notion of ‘the
power of the center’ put forth by Amheim (1974).
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Appendix A
The Grid Displaying the Means for Percentage o f Dwell Time Spent in Each Cell for the
Original and Altered Versions o f Painting 1

0
0
1.028825 1.150253 0.588769
0
7.15578 22.63004 1.938615 0.547823
2.414568 15.18341 15.18349 1.606256 0.336674
0
0 1.283526 3.085445 1.806048
0 2.406289 15.72798 5.14324 0.782963
Original
0.668874 0.600124 2.885728 0.895218
0
14.607 4.683784 13.41723
1.358153 6.76954
1.076704 7.779064 23.34631 1.114569 1.940953
0
0.501088 1.738095 6.044705 3.642131
0.217667
2.696311
0
0
4.016753
Blue Alteration

0.133754 3.340328 5.985328
2.831712 17.32602 9.845402
0 3.60806 31.56265
0
0 3.278142
0 0.254088 3.040939
Yellow Alteration

0
0
3.638533 1.46356
8.939415 0.939585
0
0.349621
2.850102 0.612757
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Appendix B
The Grid Displaying the Means for Percentage o f Dwell Time Spent in Each Cell for the
Original and Altered Versions o f Painting 2

1 :
= 3s
0
0

0 .2 1 8 4 4 7 1.799004
1.157882 17.00881
0.7 3 5 0 9 7 .1 5 3 7 0 3 2 5 .6 8 1 6 9
0 .2 4 9 6 5 3 0 .6 4 9 9 5 4 9 .8 9 4 0 2 3
0 0.36061 4 .2 2 3 6 6 9

0
0 .8 9 1 3 9 5
8 .9 0 1 6 2 8 0 .4 3 6 8 9 3
6 .6 6 8 8 3 8 0 .5 35656
0
7.975211
4 .4 7 0 8 9 7 0 .9 86949

Original

0 0 .2 9 1 8 8 8
7 .8 9 5 4 6 9 5 .3 6 7 5 4 6
1.929994 5 .8 7 9 7 6 6
1.805005 5 .2 6 2 2 8 9
0 0.63361

0 .6 7 7 8 5 5
5 .1 4 5 0 4 7
28.68061
5.057331
2.135341

0 .7 2 2 8 0 8
4 .8 0 2 3 9 2
11.55466
2 .9 8 0 8 5 4
5.980831

0
1.606754
1.589949

0
0

Blue Alteration

0
2 .8 5 9 8 6 2
3.269361

0
0 .7 0 8 4 2 7

0.3 6 7 9
3.562661
7 .7 2 4 3 2 7
16.239
1.06938

Yellow Alteration

3 .2 2 8 9 1 4 0 .5 7 6396 0 .6 9 6 2 5 9
0 0 .8 20283
7 .3 5 2 7 8 8
0
27.91041 1.08 2053
0
5 .2 4 7 2 2 5 2 .2 2 3 0 6 5
0
9 .7 5 1 8 2 6 5 .3 0 9864
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Appendix C
The Grid Displaying the Means for Percentage o f Dwell Time Spent in Each Cell for the
Original and Altered Versions o f Painting 4

0
0.1 2116
0 .1 1 9 1 0 6 5 .8 2 7 2 1 9 0 .2 4 0 2 6 6
2 .4 4 1 2 2 2 21.55011 6 .6 3 5 8 7 2 3 .2 6 3009 0.2 8 4 4 8 4
5 .3118 14.93406 1.274181 0 .357578
0
0
0 1 .7 42098 11.15932 1 6 .58618
0
0 3 .6 3 6 9 5 8 4 .5 1 5 3 8
0
Original

0

0

0

2 .5 5 8 9 7 5
10.73991
0 0 .0 8 6 9 6 9
0 0 .3 6 9 2 9 6

15.72688
2 9 .5 1 8 7
9 .8 3 1 2 9 9
3 .5 5 2 4 0 3

10.79875
5 .7 87517
1.209714
3 .3 7 2 4 4 5

0
0 .4 9 1 2 5 6
0 .1 1 7 5 2 5

0 .478604
2 .2 1 3 5
1.950743

0
1.195499

Blue Alteration

0
0.1 0 5 9 7 0 .7 6 0 3 4 4
3 .8 9 3 2 9 9 12.34315 13.22542
0.3 9 1 6 9 2 5 .8 1 9 9 7
0.1 3 9 3 3
0 3 .9 5 5 9 9 8
0
0 3 .5 2 1 1 6 4
0
Yellow Alteration

0
0 .2 2 0723
7.311891 4.471781
14.6916 4.5 4 1 0 8 2
0
1.264878
0.77382
2 .5 6 7 8 9 3
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Appendix D
The Grid Displaying the Means for Distribution o f Fixation in Each Cell for the Original
and Altered Versions o f Painting 3

0
0 .2 2 2 2 2 2
0
0.111111
0

0 .3 3 3 3 3 3
2 .3 3 3 3 3 3
0 .3 3 3 3 3 3
0 .2 2 2 2 2 2
0

0 .2 2 2 2 2 2
0
1.222222
3 .3 3 3 3 3 3
4 .5 5 5 5 5 6 1.333333
0 .4 4 4 4 4 4 0 .7 7 7 7 7 8
1
0 .2 2 2 2 2 2

0
0 .555556
0.222222
0.3 3 3 3 3 3
0.5 5 5 5 5 6

Original

0.25
1.625
0
0
0

1
2 .8 7 5
1.625
1
0.875

0.125
1.5
2.6 2 5
1.875
0 .875

0.125
0.5
0.875
1.5
0.25

0
0.125
0.125
0.25
0

0.25
0 .875
1.375
3.6 2 5
0 .875

0.5
2.5
6 .1 2 5
1.625
1.125

0.375
1.375
0.75
0.625
0.5

0.125
0.125
0.125
0
0.125

Blue Alteration

0
0
0
0
0.5

Yellow Alteration
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Appendix E
Participant Demographie Information Sheet

Participant Number _____________________
Configuration Number____________________
Demographic Information
Age_________________
Gender:

M

F

Level o f Education
Freshman

Sophomore

Junior

Senior

BA/BS

Graduate student

MA/MS
Other______________________________
Have you ever taken courses in art?

YES

NO

If so, how many credits?
How often do you visit art museums?
Never

Once a year

Do you draw or paint?
Other?

Once a month
YES

More than once a month
NO

_____________________________________ _

58
Appendix F
Participants Consent Form
PARTICIPANT’S CONSENT FORM: How We Perceive Paintings
I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF
HOW I WILL PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING THIS
FORM WILL INDICATE THAT I HAVE BEEN SO INFORMED AND THAT I GIVE
MY CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN INFORMED
CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT I
CAN KNOW THE NATURE AND RISKS OF MY PARTICIPATION AND CAN
DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED
MANNER.
PURPO SE

I am being invited to participate voluntarily in the above-titled research project. The
purpose of this project is to see how people view reproductions of paintings and whether
there is a relationship between how they look at the paintings and their evaluations, of the
compositions' physical and organizational properties, their subject matter, and their
emotional expressiveness.
S E L E C T IO N C R IT E R IA

I am being invited to participate because I am a student in a psychology course that
requires participation in a research project through the department subject pool.
Approximately 120 subjects will be enrolled in this study.
If I decide not to participate I understand that there are other options for me to do
that will enable me to complete this course requirement.
P R O C E D U R E (S )

If I agree to participate, I will be asked to consent to the following: I will be seated in front
of a computer monitor and will view reproductions of 10 paintings by renowned artists such
as Rembrandt, Vermeer, and Goya. My task will be to rate each picture on several measures
of the compositions' physical and organizational properties, their subject matter, and their
emotional expressiveness. I will be asked to describe my thoughts about and reactions to the
contents of each picture as I look at it. During the experiment I will be asked to view the
pictures for either brief (one glance or 100 ms) or unlimited periods of time, or I will have
the location of my eyes monitored by the experimenter as I look at the images. In this
condition I will be asked to wear a pair of light goggles which contain monitoring
components that electronically record in a non-invasive way the position of my eyes relative
to the location of pictorial features of the paintings. The total time commitment win be no
longer than 60 minutes.
R IS K S /B E N E F IT S

There are no risks or benefits to me from my participation in this experiment.
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CONFIDENTIALITY
My data will be pooled with data from the other participants. The group trends, rather than
individual data, will be informative about the way people look at and respond to works of
art by renowned artists seen in different formats and task conditions. In order to insure
confidentiality, my data will be labeled by participant number rather than by my name.
After the experiment is concluded, my name will be filed in a different location than the
data.
P A R T IC IP A T IO N C O S T S A N D S U B J E C T C O M P E N S A T IO N

I will receive credit points for my participation in this experiment that fulfill
my Psychology course requirements.
CONTACTS
I can obtain further information from the principal investigator Dr. Paul Locher at (973)
655-7381. If I have questions concerning my rights as a research subject, I may contact
Tim Kirby, Director of Office of Research and Sponsored Programs (973-655-4128 or
kirbyt@mail.montclair.edu), or Tamara Lucas, IRB Chair (973-6557718 or
lucast@mail.montclair.edu).

Participant's Signature

Date

APPROVED
MAR

1 2004

M O N T C L A IR S T A T E U N IV E R S IT Y
IN S T IT U T IO N A L R E V IE W B O A R O

